O besity is closely associated with various metabolic and cardiovascular diseases (CVDs), including insulin resistance, type 2 diabetes, hypertension, coronary heart disease, and stroke. Adipose tissue, apart from its traditional role as energy storage, acts as an endocrine organ through the production of adipokines, and thereby participates in the regulation of insulin sensitivity, lipid metabolism, and cardiovascular homeostasis. 1 The majority of adipokines, including adipocyte-fatty acid binding protein (A-FABP), tumor necrosis factor alpha (TNF-a), interleukin-1b (IL-1b), plasminogen activator inhibitor-1, and resistin, possess proinflammatory properties, whereas others, such as adiponectin and adrenomedulin, have an anti-inflammatory effect. A-FABP and adiponectin are the 2 most abundant adipokines produced by adipocytes. Recent studies suggest that adipose tissue inflammation, characterized by the infiltration of inflammatory cells and perturbation of adipokine secretion, may play a central role in the pathogenesis of obesity-related pathologies. 2 A-FABP is a cytoplasmic lipid chaperon and plays an important role in mediating intracellular fatty acid trafficking. In addition, A-FABP may potentiate vascular inflammation and participate in the pathogenesis of CVD. 3, 4 In animal studies, atherosclerotic lesions in apolipoprotein-E (apoE)-deficient mice, a mouse model with accelerated atherosclerosis, and a higher survival rate when they were fed on a high-fat atherogenic diet. 5, 6 In contrast, the administration of recombinant adiponectin has been shown to protect against obesity-related disorders, such as insulin resistance in obese diabetic (ob/ob) mice, hypertension in severely obese mice, dyslipidemia in mice with protease inhibitor-induced metabolic disorder, and atherosclerosis in apoE-deficient mice. [7] [8] [9] [10] Furthermore, adiponectin-knockout mice are more susceptible to ischemia-induced myocardial infarction when compared with their wild-type littermates. 11 In line with these animal studies, hypoadiponectinemia has been demonstrated to be an independent risk factor for insulin resistance, hypertension, and myocardial infarction in humans. [12] [13] [14] On the other hand, elevated circulating A-FABP levels are closely associated with obesity, the number of components of metabolic syndrome, increased carotid intima-media thickness, and ischemic stroke. [15] [16] [17] In addition, we have shown in prospective studies that A-FABP can predict the development of the metabolic syndrome and type 2 diabetes. 18, 19 A recent study also revealed that A-FABP levels in atherosclerotic plaques were associated with an unstable plaque phenotype and were predictive of the occurrence of adverse CVD among subjects who underwent carotid endarterectomy. 20 However, prospective studies linking circulating A-FABP levels with cardiovascular outcomes in the general population are still lacking, and controversial results have been obtained from prospective studies addressing the relationship between serum adiponectin levels and incident CVD. 21, 22 To evaluate whether the circulating levels of these 2 most abundant adipokines are independent risk factors that predict CVD in humans, we investigated prospectively the 12-year development of incident CVD in relation to the baseline levels in a populationbased community cohort comprising 1847 Chinese subjects recruited from the Hong Kong Cardiovascular Risk Factor Prevalence Study (CRISPS).
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Methods
The Hong Kong CRISPS cohort is a population-based prospective study with comprehensive cardiovascular risk assessment in Hong Kong Chinese. The study first commenced as a cross-sectional survey in 1995-1996, conducted to assess the prevalence of cardiovascular risk factors in the Hong Kong population. In all, 2895 subjects (1412 men and 1483 women), aged 25 to 74, were recruited from the general population through random selections of telephone numbers. After baseline assessment at the Queen Mary Hospital, subjects were invited for prospective follow-up to assess their development of major cardiovascular risk factors, including type 2 diabetes, hypertension, and dyslipidemia, with subsequent assessments carried out in 2000-2004 (median follow-up of 6.4 years, CRISPS-2). 24 Subjects attended all assessments after an overnight fast. At each assessment, demographic data, including age, sex, occupation, smoking, alcohol consumption, and physical activity, were ascertained. Detailed medical, drug, and family histories, including history of CVD, were obtained using a detailed questionnaire. Anthropometric parameters, including body weight, height, body mass index (BMI), waist and hip circumferences, and blood pressure were measured as previously reported. 13, 25 All subjects except those on antidiabetic drugs underwent a 75-g oral glucose tolerance test. Blood was also drawn for fasting lipid and insulin measurements. At CRISPS-2, plasma and serum samples were stored in aliquots at À70°C for the measurement of A-FABP, adiponectin, and C-reactive protein (CRP). As only 644 of these stored samples were available from CRISPS-1, assessments of the relationship between these biochemical parameters and incident CVD were done using CRISPS-2 as baseline, and after excluding those subjects with known CVD. Incident CVD events since CRISPS-2 were evaluated during 2000-2011 (median follow-up of 9.4 years). Measurements of the biochemical parameters including glucose, insulin, and lipid levels were described previously. 18, 26 A-FABP was measured using an ELISA (BioVendor Laboratory Medicine, Modrice, Czech Republic). 18 Adiponectin was measured with an in-house sandwich ELISA established in our laboratory. 13, 27 CRP was measured with a high-sensitivity, particle-enhanced immunoturbidimetric assay (Roche Diagnostics, GmbH, Mannheim, Germany). Diabetes was defined as being on antidiabetic drugs or fulfilling the diagnostic criteria for diabetes according to the World Health Organization 1998 diagnostic classification. 28 Hypertension was defined as having a sitting blood pressure ≥140/90 mm Hg or on regular antihypertensive drugs, and dyslipidemia was defined as having ≥1 of the following criteria: (1) triglycerides (TG) ≥1.7 mmol/L; (2) HDL-cholesterol <1.04 mmol/L in men and <1.29 mmol/L in women; (3) LDL-cholesterol ≥3.4 mmol/L; and (4) already on lipid-lowering drugs. Diagnoses of CVD events, based on the ICD-9 (402, 404, 410-414, 425-447, 518.4), which included, among others, acute myocardial infarction, angina pectoris, stroke, and heart failure, were verified from the Hospital Authority database or its private practitioners in 2011, including the dates of the events and the discharge diagnosis. For subjects who had died, causes and dates of death were ascertained from the Hong Kong Death Registry. The medical diagnoses were reviewed by 2 physicians independently; disagreements between them were resolved by a third. The concordance between the 2 physicians was 0.98. This study was approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster, and all participants gave written informed consent.
Statistical Analysis
All analyses were performed with SPSS Statistics 19 (SPSS, Chicago, IL) and R-programming language, version 2.14.2. Results were presented as meanAESD or median with interquartile range (IQR) as appropriate. For data that were not normally distributed, natural logarithmic transformation was applied before analyses. Variables were compared between groups by 1-way ANOVA for continuous data and chi-square or Fisher's exact test for categorical data as appropriate. Partial correlation was used to examine the associations between biochemical parameters and various anthropometric measurements. The optimal cutoff values for A-FABP and CRP were derived using Youden's j criterion. 29 Optimal cutoff points were derived from the Youden index criterion (maximum of [sensitivity+specificityÀ1]). Cox proportional hazards regression (Cox regression) was used to estimate the hazard ratios (HRs) and 95% CIs for incident CVD after adjustment of the traditional risk factors including age, sex, BMI, smoking status, diabetes, hypertension, and dyslipidemia. Assumption of proportional hazard was validated for all covariates (global test) and, variable by variable, using scaled Schoenfeld residuals. According to these tests, all Cox regression models did not violate the assumption (P>0.05). In addition, a propensity score-based approach was undertaken to control for baseline traditional risk factors in the logistic regression model. Subjects were then stratified into quintiles according to their predicted propensity score. The MantelHaenszel odds ratio for biomarkers was estimated. The predictive performances of various models were assessed by receiver operating characteristic (ROC), category-free net reclassification improvement (NRI), and integrated discrimination improvement (IDI). Comparison between 2 areas under the ROC curves (AUCs) was examined using the DeLong method. 30 Interrater reliability was determined by Cohen's kappa. Two-sided P values <0.05 were considered statistically significant.
Results
Of 2895 subjects who participated in CRISPS-1, 1944 returned for assessment at CRISPS-2. After excluding 69 subjects with known CVD and 28 subjects with missing data, there were 1847 subjects followed for a median duration of 9.4 years, 182 of whom developed CVD (9.9%; incidence rate, 10.89 per 1000 person-years). Subjects with incident CVD (CVD group) were older, more likely to be male, and more likely to be hypertensive (57.7% versus 22.5%), diabetic (28.6% versus 13.5%), dyslipidemic (77.5% versus 62.0%), and a current/former smoker (42.3% versus 24.2%) at baseline (all P<0.001). They had higher BMI, waist circumference (WC), systolic and diastolic blood pressure (SBP and DBP, respectively), fasting glucose (FG) levels, and greater insulin resistance as measured by homeostasis model assessmentinsulin resistance (HOMA-IR; all P<0.001 except for DBP, P=0.003), compared with those who did not develop CVD events (non-CVD group) ( Table 1) . They also had higher TG and lower HDL-cholesterol levels (both P<0.001), but similar LDL-cholesterol levels (P=0.081). Of the biomarkers, the CVD group had higher baseline CRP (P<0.001) and A-FABP (sexadjusted P<0.001), but similar adiponectin levels (sexadjusted P=0.881) compared with the non-CVD group ( Table 1) . The partial correlations among various biomarkers and baseline characteristics are shown in Table 2 . A-FABP and CRP showed direct correlations with traditional CVD risk factors, including BMI, WC, FG, HOMA-IR, SBP, DBP, LDL-cholesterol, and TG (A-FABP: all P<0.001 except for FG, P=0.002; CRP: all P<0.001 except for LDL-cholesterol, P=0.001) and inverse correlations with HDL-cholesterol (both P<0.001). In contrast, adiponectin was negatively correlated with these risk factors (all P<0.001 except for LDL-cholesterol, P=0.015), and positively correlated with HDL-cholesterol (P<0.001). Among the biomarkers, A-FABP showed an inverse correlation with adiponectin (r=À0.15, P<0.001), but a direct correlation with CRP (r=0.23, P<0.001), whereas adiponectin was negatively correlated with CRP (r=À0.21, P<0.001), with all P values being age-and sex-adjusted (Table 2) .
Using Cox regression analysis, the HR for a 1-unit increase in log A-FABP and CRP in predicting 9.4-year incident CVD was 1.50 (95% CI, 1.04 to 2.15; P=0.029) and 1.30 (95% CI, 1.12 to 1.52; P=0.001), respectively, after adjustment for traditional risk factors (Table 3) . Analysis using continuous lipid variables revealed similar findings (data not shown). When expressed as continuous variables, A-FABP was not predictive of CVD in the presence of CRP (P=0.064, Table 3 , model 3). Of the traditional risk factors, age, sex (male), and hypertension were significant independent risk factors in all 3 models (all P≤0.001), whereas smoking (current/former smoker) was significant only in model 2 (P<0.05). There was no sex interaction between A-FABP and incident CVD (P=0.157). In addition, both NRI (18.6% [3.3% to 33.9%]; P=0.017) and IDI (0.25% [0.17% to 0.46%]; P=0.016) were statistically significant, demonstrating improvement in the predictive performance by the addition of A-FABP to the traditional risk factor model, although a similar finding could not be shown using the minimal differences of area under the curve (P=0.837) ( Table 4) .
Based on the highest Youden's j, the optimal cutoff value for A-FABP was 26.2 lg/L for men and 30.2 lg/L for women and for CRP was 1.0 mg/L. Using the optimal cutoff values in the Cox regression analysis, A-FABP, even after adjustment for CRP and traditional risk factors, predicted incident CVD (adjusted HR, 1.57 [1.14 to 2.16]; P=0.006; and 1.60 [1.12 to 2.27]; P=0.01 for A-FABP and CRP, respectively). The cumulative survival curves for incident CVD, based on the Cox proportional hazards model and stratified by the optimal cutoff values of A-FABP, are shown in Figure 1 . Using propensity scores to control for traditional risk factors also revealed similar findings (data not shown).
Discussion
In this prospective study, we found that an elevated circulating level of either A-FABP or CRP could independently predict the development of CVD among men and women without previous CVD over and above the prediction based on traditional risk factors. Although the impact on the overall predictive performance by adding A-FABP to a multivariableadjusted model was modest, our findings would support an association between A-FABP and the development of obesityrelated CVD. To our knowledge, this is the first long-term prospective study demonstrating that circulating A-FABP level is linked to clinical cardiovascular outcomes in the general population. The attenuation of the predictive power of A-FABP after adjustment for CRP when both were expressed as continuous variables may suggest that the pathogenic effect of A-FABP is in part mediated through subclinical systemic chronic inflammation, of which CRP is the most established circulating biomarker. Nonetheless, the promising results of our subsequent analysis using optimal cutoff values by c-statistics suggest that further large-scale studies involving other long-term follow-up cohorts are warranted to establish A-FABP as another biomarker for the clinical prediction of CVD outcome. For circulating adiponectin level, there was no statistically significant difference between CVD and non-CVD groups, even by comparing the age-adjusted level in the male subcohort, which had a higher event rate. The lack of a significant association between circulating adiponectin and incident CVD is in agreement with the finding of a meta-analysis on the prospective relationship between adiponectin and CVD. 21 CRP, produced mostly by hepatocytes in response to cytokines such as IL-6 and TNF-a, is the most extensively studied inflammatory marker in the literature. Koenig et al 31 in the population-based Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) Study, demonstrated that CRP enhanced global coronary risk, as assessed by the Framingham Risk Score. In their cohort, 191 (5.6%) of 3435 subjects developed events during an average follow-up of 6.6 years. Subjects with CRP levels ≥3.0 mg/L had an adjusted hazard ratio of 2.21 (95% CI, 1.49 to 3.27), when compared with subjects with levels <1.0 mg/L. Our study revealed an adjusted hazard ratio of 1.60 (95% CI, 1.12 to 2.27) when comparing subjects with high or low CRP levels, using a cutoff value of 1.0 mg/L. It should be noted that our study population had a low cardiovascular risk, with the exclusion of known CVD subjects, and only 182 (9.9%) of 1847 subjects (incidence rate, 10.89 per 1000 person-years) developed CVD over a median follow-up of 9.4 years. Consistent with the low cardiovascular risk, our cohort had relatively low CRP levels (CVD/non-CVD group: (aP2), is one of the most abundant proteins in mature adipocytes and is also expressed in macrophages. 32, 33 Although A-FABP was originally identified as a cytoplasmic protein, we and others have shown that it is abundantly present in human serum and is increased with age and obesity. 15, 34 Apart from its correlations with various CVD risk factors, elevated circulating levels of A-FABP have been associated with several markers of CVD, such as carotid intima-media thickness, coronary atherosclerotic burden as measured by intravascular ultrasound, and the number of stenotic coronary arteries. 16, 35, 36 In addition to its circulating levels, A-FABP levels in carotid atherosclerotic plaques have been demonstrated to be associated with an unstable plaque phenotype. 20 After a mean follow-up of 2.4 years, subjects with elevated A-FABP plaque levels showed a 2-fold increased risk of reaching the primary outcome, defined as the composite of vascular death, vascular event, and surgical or percutaneous vascular intervention. We have previously demonstrated that high serum A-FABP levels are independently associated with diabetic nephropathy and diabetic macrovascular diseases, 37 and a recent study showed that serum A-FABP predicts CV events in end-stage renal disease. 38 Furthermore, Tuncman et al 39 demonstrated that the presence of a genetic variant at the A-FABP promoter region that results in decreased A-FABP expression was associated with reduced risk for CVD. Whereas the above studies are supportive of a role of A-FABP in the pathogenesis of CVD in humans, this is the first outcome study demonstrating that elevated circulating A-FABP levels can predict incident CVD on long-term follow-up of a community-based cohort of relatively low CVD risk. Our results also show that the predictive power of A-FABP can be attenuated after adjustment for CRP, which is consistent with the current knowledge of a close pathogenic link between A-FABP and subclinical systemic chronic inflammation. 40 In a murine macrophage cell line, expression of A-FABP was increased on toll-like receptor activation, whereas an orally active A-FABP inhibitor significantly reduced the expression of several inflammatory cytokines, including TNF-a and IL-1b in macrophages, and decreased the atherosclerotic lesion area in mouse models. 33, 41 Nevertheless, our analysis could only demonstrate the close correlations among A-FABP, CRP, and incident CVD but provide no evidence for any causal relationships. Our study was limited by the low incident CVD event rate in our cohort, which precluded sex-specific subgroup analyses of A-FABP and adiponectin in predicting CVD. The test for sex interaction was also underpowered because of the low event rate among the female participants. We included only community-based Chinese subjects without previous CVD, and therefore our findings could not be extrapolated to other ethnic groups or those subjects with higher CVD risk. Interestingly, during the revision of this article, we found that von Eynatten et al 42 recently reported the association of an increase in serum A-FABP level with fatal CVD outcomes over 10 years in subjects with known coronary heart disease. It is noteworthy that their cohort had a 2-fold higher incidence rate than ours (24.00 versus 10.89 per 1000 person-years). Taken together, these findings strongly support the role of A-FABP in mediating CVD in humans, although our study design precluded the investigation of its direct causal relationship. To determine this causal relationship, long-term interventional studies involving therapeutic agents that reduce A-FABP expression or action such as A-FABP inhibitors are warranted. 41 In conclusion, we have demonstrated that an elevated circulating level of A-FABP above the optimal cutoff value can potentially serve as a biomarker for the prediction of CVD, as an adjunct to traditional risk factors and established biomarkers such as CRP. These findings support the role of A-FABP as a possible mediator of obesity-related CVD, possibly by coupling lipid abnormality to subclinical inflammation.
